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© Acrylto-methylene succinic ester emulsion copolymers for thickening aqueous systems. 



© Acrylic emulsion copolymers are prepared by 
emulsion polymerization of (A) a surfactant mon- 
omer. (B) an a.l-ethylenicaJIy unsatruated carboxylic 
acid monomer, (C) a non Ionic a./S-ethytenicalry un- 
saturated monomer and (D) optionally a 
polyethytenicaJly unsaturated cross-linking monomer. 
The surfactant monomer is prepared by condensing 

a a mono or polyhydiic alcohol nonionic surfactant 
with methylene succinic acid. At a low pH the 
copolymer may be in the form of an aqueous diaper- 
Jgsion or latex, but thickens upon neutralization of at 
^ least some of the carboxyl groups. 
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Acrylic-Methylene Succinic Ester Emulsion Copolymers for Thickening Aqueous Systems 



Background of the Invention 

Alkali soluble and alkali swe liable emulsion 
polymers and copolymers are well known (see e.g. 
Patents Nos. 3.003,987; 3,070.581. and 3.081.198) 
and are useful in coatings, textile sizings. textile 
printing pastes, paints and industrial coatings 
where a water soluble resin can be utilized. They 
are also useful as thickening agents in latex based 
adhesives, where clays, other fillers, pigments and 
the like are present In addition, alkali soluble emul- 
sion polymers and copolymers find application in 
cleaners, laundry detergents, lotions and other per- 
sonal care products. In petroleum exploration, 
acrylic polymers are used as drilling fluid additives 
for viscosity control and as bentonite extenders for 
enhancing performance of the drilling fluid. Thus, 
according to Patent No. 4,301.016 water soluble 
alkali metal polyacrylates are useful additives in 
drilling fluids based on fresh water. 

In drilling muds acrylics have performed well in 
fresh water drilling. Patent No. 4,301,016. supra, 
and Patent No. 2.718,497, but acrylics have poor 
salt tolerance as compared to some cellutostc ma- 
terials. On the other hand acrylics and other syn- 
thetic polymers and copolymers offer a major ad- 
vantage in manufacturing reproducability, as com- 
pared to chemically grafted or modified natural 
products, provided the salt tolerance problem is not 
a factor. 

The resistance of acrylic polymers to biological 
decay is a property which is especially beneficial in 
drilling muds, paints, cleaner solutions, and per- 
sonal care products. In order to provide improved 
properties for specific applications, functional poly- 
meric side chains have been added to synthetic 
acrylic systems. 

In various industrial applications, acrylics avail- 
able as liquid emulsions and dispersions are gen- 
erally easier to use than modified natural polymers 
which usually are dry powders, since the former 
are capable of addition at most any point in a 
mixing process. On the other hand, dry products 
based on starches, cellulose, and proteins require a 
relatively long hydration time and take longer to 
dissolve than the soluble alkali metal polymers. 

Patent No. 3,657.175 discloses improved thick- 
ening agents based on acrylics, styrene and bu- 
tadiene, containing bound surfactant groups. 



As shown by Patents No. 4,384,096; 4,351.754, 
and 4,421,903, improved thickeners for aqueous 
systems have been developed in which there are 
introduced to the acrylic polymer backbones ester 
5 surfactant groups in sufficient number to enhance 
thickening and rheological properties. These thick- 
eners find use in paints, coatings, adhesives, clean- 
ers, drilling fluids, textile printing inks, personal 
care products, and the like. 

70 

Summary of the Invention 

According to this invention, new anionic 

75 copolymers are prepared by emulsion 
copolymerizing (A) an addition copolymerizable 
substituted methylene succinic acid ester surfac- 
tant monomer. (B) an a,j?-ethylenicaily unsaturated 
carboxylic acid monomer, (C) a nonionic a,0- 

20 ethylenically unsaturated monomer, and (D) option- 
ally a small amount of a polyethylenically unsatu- 
rated cross-linking monomer. The emulsion poly- 
merization is carried out at a low pH and the 
resulting copolymers are essentially water insoluble 

25 and are present in the aqueous reaction medium In 
the form of a relatively stable dispersion. Upon 
addition of an alkaline material to the dispersion to 
neutralize the residual carboxyl groups on the 
copolymer, it becomes water soluble and substan- 

30 tialry thickens the aqueous system in which it is 
present. The presence of the copolymerizable sub- 
stituted methylene succinic ester surfactant mon- 
omer imparts to the copolymer the ability to pro- 
vide higher water viscosities upon naturalization, as 

35 well as enhancing electrolyte stability. This latter 
property is most important to the stability of the 
rheological properties of thickened aqueous sys- 
tems of very high alkalinity. The copolymerizable 
surfactant monomer can easily be prepared In near 

40 quantitative yield without unwanted side reactions 
or formation of by-products which would interfere 
with production of a commercial product of uniform 
composition and properties. The reaction employed 
in preparing the surfactant monomer is general for 

46 preparation of all such monomers, and allows the 
tailoring of copolymers for specific markets. 

The new copolymer thickeners are obtained by 
emulsion polymerizing a monomer system com- 
prising: 

so (A) about 1 to about 25 percent of at least 

one methylene succinic acid ester monomer of the 
formula: 
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^--j— — (0CH 2 CH 2 ) x (0CHCH 2 ) y R 

0 (Sh 3 



10 

in which x is an integer from 1 to 150, and y is an 
integer from 0 to 50 when R is alkoxy. alkyl- 
phenoxy, diaikyl plenoxy, or alkyl carfoonyloxy hav- 
ing 5 to 30 carbon atoms or a sorbitan fatty ester 
of the formula '5 



-(0CH 2 CH 2 ) p Q ^^ y PCCHgCHgOgR! 



H0(CH2CH 2 0) r Ri 

' I 

CH20(CH 2 CH 2 0) 3 CR 1 



26 



where each of p. q, r, and s is an integer and the 
sum of said integers is from 0 to 100, R,-is H or 
CORa and R, is alkyl, alkyl phenyl, or diaikyl phenyl 
having 5 to 30 carbon atoms, 

(B) about 5 to about 70 percent of a 
copdymerizabJe a,£-ethyenicaJly unsaturated car- 
boxy lie arid monomer of the formula: 

V 

RCH» C " COOH 

where R is H and R, is H, an alkyl group containing 
from 1 to 4 carbon atoms, or -CH,COOX; R is - 
COOX and R, is H, and X is H or an alkyl group 
containing from 1 go 4 carbon atoms, 

(C) about 10 to about 90 percent of at least 
one nonionic, copolymerizabte or, 0-ethytenicaJly 
unsaturated monomer of the formula 

CH,oCYZ 

where Y is H and Z is CN, CI, -COOR,, -C»mR, - 
O ? R* - I -NH, or -CHgChk Y and Z are CI, and 
Y is CHj and Z is CN, - £ -NH„ -CH = CH* -CAR, 
or -COOR,, and R is H, CI, Br or aikyl containing 
from 1 to 4 carbon atoms; R, is alkyl containing 
from 1 to 12 carbon atoms, or hydroxy alkyl con- 
taining from 2 to 8 carbon atoms, and R, is aikyl 
containing from 1 to 8 carbon atoms; and 

(D) up to 1 percent of a copolymerizable 
polyethylenically unsaturated cross-finking mon- 
omer, said percentages being by weight based on 
the total weight of said monomers. 
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The copolymers are prepared by conventional 
emulsion polymerization methods at low pH, e.g. 
pH 2.5-5, yielding a high solids, low viscosity 
copolymer dispersion which thickens substantially 
upon neutralization of at least some of the remain- 
ing carboxyl groups. The copolymers are useful in 
a variety of applications, particularly as thickeners 
for aqueous systems. As liquid emulsion 
copolymers, they can readily be added at any point 
in the mixing process. Alternatively, the 
copolymers can be dried by any one of several 
well known methods, either as pure polymers, or 
onto a solid substrate such a kaolin clay. 



Detailed Description of the Invention 

Monomelic Components* 

As noted previously the copolymers of this 
invention are prepared by emulsion co polymeriza- 
tion of three essential types of monomers, namely - 
(A) a monomer surfactant obtained by condensing 
a nonionic surfactant with methylene succinic acid 
to yiekl an ethylenicaily unsaturated copolymeriza- 
ble surfactant monomer, (B) an a.l-ethylenicalry 
unsaturated carboxylic add monomer, (C) a non- 
ionic a, ^-ethylenicaily unsaturated monomer, and - 
(D) optionally a poiyethyenically unsaturated cross- 
linking monomer. The proportions of the monomers 
can be varied widely within certain specific ranges 
to obtain thickening agents possessing a variety of 
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ideological properties. As prepared, the aqueous 
acidic copolymer dispersions are easily handled 
high solids latexes which upon neutralization of at 
least a portion of the carboxyl groups, swell and 
thicken aqueous systems. The nonionic monomer 
serves as a major constitute nt of the copolymer 
backbone, and depending upon the amount thereof 
present permits modification of the film forming 
characteristics of the copolymers when dried. The 
bound surfactant monomer permits adjustment of 
the rheotogical properties provided by the 



copolymer, decreases the electrolyte sensitivity 
and enhances the thickening action of the 
copolymers. 



(A) The substituted methylene succinic acid ester 
surfactant monomers. 

As noted previously, the copolymers of this 
invention comprise about 1 to about 25 weight 
percent based on total weight of monomers, of a 
substituted methylene succinic acid ester of the 
formula: 




OH 



T5 



(0CH 2 CH 2 ) x (0CHCH 2 ) y -R 
CH 2 



in which x is an integer form 1 to 150, and y is an 
integer from 0 to 50 when R is alkoxy, aJkyl- 
phenoxy, dialkyl phenoxy, or alkyl carbon yloxy 5 to 
30 carbon atoms or a sorbitan ester of the formula: 



25 



-(0CH 2 CH 2 ) p 



30 




(CH 2 CH 2 0) q R 1 



H0(CH 2 CH 2 0) r R 1 



CH 2 0(CH 2 CH 2 0 



) 3 L 1 



where each of p, q, r and s is an integer and the 
sum of said integers is from 0 to 50, R, is H or - 
COR,, and R, is alkyl, aJkylphenyl, or dialkylphenyl 
having 5 to 30 carbon atoms; 

or x and y are each integers of from 0 to 40. 

The copolymerizable nonionic surfactant mon- 
omers are prepared by a conventional acid cata- 
lyzed esterification reaction of an alcohol with 
methylene succinic add. The water by-product of 
the reaction is removed via azeotropic distillation 
as it is formed to drive the reaction to completion. 

Examples of nonionic surfactants which can be 
esterhled with methylene succinic acid are the 
polyoxyethytene alcohols such as pory- 
(oxyethytene)» stearyl ether and poly(oxyethylene)- 
lauryl ether, ethoxylated alkyl phenols such as 
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poiy(oxyethylens), nonylphenol and poly- 
(oxyethylene), dinonyl phenol; polyoxyethytene fat- 
ty aid esters such as poly (oxy ethylene^ stearate 
and poly (oxyethylene)* stearate, sorbitan fatty 
acid esters, such as sorbitan monooleate and sor- 
bitan monostearate, poly oxy ethylene sorbitan fatty 
acid esters, such as poty(oxyethylene)» sorbitan 
monolaurate and poly(oxyethytene)» monostearate. 

Preferably the surfactant monomer comprises 
from about 5 to 15 percent by weight of the 
copolymer. 7 to 10 percent being a particularly 
preferred quantity for such monomer. 
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(B) The copolymerizable «,0-ethylenically unsatu- 
rated carboxyiic acid monomer. 

The copolymerizable a,0-ethylenicaJly unsatu- 
rated carboxyiic acid monomers have the general 
formula D 

V 

RCH a C-COOH 

where R is H and R, is H, an alkyl group containing 
from 1 to 4 carbon atoms, or -CH»COOX; R is - 
COOX and R, is H, and X is H or an alkyl group 
containing from 1 to 4 carbon atoms, 

Examples of these acid monomers include 
such monobasic acids as acrylic, methacrylic, 
crotontc, and acyloxy propionic acid. Dibasic acid 
monomers include maieic, fumaric, and Haconic 
acid, and they can be used in place of a portion, 
e.g. up to about 10 weight percent of the mon- 
obasic acid. Monomers which are monoesters of 
dibasic acids, such as the monobutyl ester of mai- 
eic acid can also be used to advantage. The weight 
percent of carboxyiic acid monomer is preferably 
between 5 and 70 percent based on the total 
weight of monomers present More preferably be- 
tween 30 to 50 weight percent of the acid mon- 
omer is present. The most preferred weight per- 
centage of the carboxyiic acid monomer is be- 
tween 35 and 45 percent. Acrylic and methacrylic 
acid are preferred acid monomers. 



(C) Nonlonic a,0-ethylenicalry unsaturated mon- 
omers 

In the copolymers of this invention a monomer 
which serves as a major component of the back- 
bone is a nonionic copolymerizable a,j8-ethylenicai- 
ry unsaturated rnonomer of the formula: 

CH,»CYZ 

where Y is H and Z is CN. CI, -COOFt -C.H,R. 
-0| R» -| -NH„ or -CH-CH,; Y and Z are Q, 
and Y is CH, and Z is CN, - £ -NH„ -CH«CH„ - 
CJiR, or -COOR,, and R is H. Ct, Br or alkyl 
containing from 1 to 4 carbon atoms; R, is alkyl 
containing from 1 to 12 carbon atoms, or hydrox- 
y alkyl containing from 2 to 8 carbon atoms, and R, 
is aHcyl containing from 1 to 6 carbon atoms. 

Examples of these nonionic monomers are the 
C,-C alkyl and C*-C hydroxy alkyl esters of acrylic 
and methacrylic acids, such as methyl aery late, 
ethyl aery late, butyl acrylate, 2-ethyl hexyi aery late, 
methyl methacrylate, ethyl methacrylate, butyl 
rnethacrylate. 2-hydroxy butyl acrylate. 2-hydrox- 
y ethyl methacrylate. 2-hydroxy propyl methacrylate, 
styrene. butadiene, isoprene, vinyl chloride. 



vinylidene chloride, aery ton itrite, methacrylonrtrile, 
vinyl acetate, vinyl butyrate, vinyl caprolate, p- 
chtoro styrene. isopropyl styrene. vinyl toluene and 
the like. The preferred monomers are acrylate and 
5 methacrylate esters aJone or mixtures thereof with 
styrene, acrylortrtrite, or vinyl acetate. 

The nonionic monomer generally comprises 
from about 10 to about 90 percent by weight of the 
copolymer. The preferred proportion of this moo- 
to omer is 30-70 weight percent, while the most pre- 
ferred range is about 50-60 weight percent 



(D) The optional polyethylenically unsaturated 
76 cross-linking monomer. 

A small amount of a polyethylenically unsatu- 
rated monomer may be added as a cross-Knking 
agent. Such monorners include diallyl phthaiate, 

20 vinyl crotonate, aJryl methacrylate, dtvinyl benzene, 
NNVnethylene-bis-acrylamide, ethylene glycol dia- 
crylate, ethylene glycol dimethacrytate, 1,6-hex- 
anediol di aery late, and the like. Preferably from 
about .05 to 1 weight percent based on total 

26 monomers, of the polyethylenically unsaturated 
monomer is incorporated into the copolymer. 



The Coporymerization Reaction 

30 

The copolymers of this invention are readily 
prepared by conventional emulsion polymerization 
techniques using the monomers described above. 
The polymerization can be carried out in continu- 

35 ous, semi-continuous or batch fashion. The poly- 
merization reaction can be initiated at 40-90 *C. 
preferably 75**65*0, with the usual thermal de- 
composition initiators such as ammonium persul- 
fate or potassium persutfate or at lower tempera- 

40 tures using redox initiators such as t-butyl 
hydroperoxida/bisuffite. or hydrogen peroxide with 
a ferrous compound. Alternatively azo initiators 
such as azobisisovaJeronrtrile can be used. 

An anionic emulsrfier is normally included in 

45 the reaction medium at a concentration of about 1 
to 3 percent to maintain the copolymer product in 
the form of a stable aqueous dispersion. Suitable 
emuisrfiers for such purpose are sodium lauryl sul- 
fate, sodium dodecylbenzene sulfonate, as well as 

so other ammonium, and alkali metal alkyl aryl sul- 
fonates, ammonium and alkali metal alkyl sulfates, 
sodium dioctyl surfosuccinate, and sulfonated alkyl 
esters and amides. Optionally, a nonionic surfac- 
tant such as nonytphenol ethoxylates, octylphenol 

56 ethoxylates and linear or branched alkyl ethox- 
ylates also may be employed if desired as they 
have a marked effect on the properties of the 
copolymer product 
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The polymerization is carried out at a pH below 
about 5.0, generally in the range of 2.5 to 5, to 
maintain the insolubility of the copolymer in the 
continuous water phase by reason of the presence 
of free carboxyl groups. The finished copolymer 
dispersions have a relatively low viscosity even at a 
solids content of from 20-40 weight percent or 
higher. Upon addition of an alkali to neutralize at 
least a portion of the free carboxyl groups, aqueous 
systems containing the copolymers markedly thick- 
en. 



The Properties of the Copolymers 

The improved copolymers of this invention are 
in-situ thickeners prepared by emulsion 
co polymerization at a pH between 2.5 and 5. The 
polymerization product is a milky white latex-like 
aqueous dispersion having a solids content up to 
about 50 percent, generally from 20-40 percent by 
weight The viscosity of these dispersions is gen- 
erally low, typically from 25-100 cos at 25°C. The 
dispersions, which are relatively stable, are easily 
blended into a variety of aqueous systems. Dif- 
ferent dispersions according to the invention can 
be blended together to provide the properties de- 
sired for a specific application.. The pure 
copolymer, in dried form, is a solid at a tempera- 
ture of 25°C. 

Upon addition of an alkaline material such as 
an alkali metal hydroxide, sodium carbonate, or 
other bases such as ammonium hydroxide, 
methylamine or diethylamine, at least some of the 
free carboxy groups in the polymer are neutralized, 
rendering the copolymer soluble in water. At a low 
pH, e.g. a pH below about 5.5, the polymer exists 
in the form of discrete, water insoluble particles, 
having an average particle size of about .1 to 5 
microns. Average molecular weights of the 
copolymers are estimated to be between about 
100,000 and 5,000,000. Preferred copolymers have 
an average molecular weight of from about 500,000 
to 1,000,000. Copolymers having substantially high- 
er molecular weights may be obtained when a 
polyethylenicalry unsaturated cross-linking mon- 
omer is also present 

The selection of the nonionic a,£-ethylenicaUy 
unsaturated monomer has a significant effect on 
the thickening potential of the copolymers. Other 
properties such as the rheology of thickened com- 
positions are dependent on the pH of neutralization, 
and the glass transition temperature, which prop- 
erties may also be modified by the choice of non- 
ionic monomer. For example, butyl aery late can be 
incorporated into the copolymer backbone to lower 
the glass transition temperature, or "soften" the 



copolymer. On the other hand, incorporation of 
methacrylate esters into the copolymer will stiffen 
the copolymer backbone and thereby harden a 
cast film of the polymer. 

5 The following examples, in which all parts are 

by weight unless otherwise indicated, are present- 
ed as a means of further describing the preparation 
and use of the novel copolymers of this Invention, 
and should not be considered as limiting the scope 

70 of the invention. 



Example 1 

75 Preparation of the surfactant monomer heptadecyl 
poly (oxy ethylene) » ethyl methylene succinate. 

A mixture of 198.9 g (0.175 mole) of hep- 
tadecyl poly (oxy ethylene)* ethanol, 150 g toluene, 

20 0.5 g of methyl ether of hydroquinane (MEHQ) was 
charged to a 500 ml reaction flask equipped with a 
thermometer, mechanical stirrer, heating mantel 
and Dean and Stark separator. The mixture was 
heated to reflux to remove any residual water In the 

25 surfactant The mixture was cooled to 70 °C when 
22.8 g of methylene succinic acid (0.175 mole) 
were added and allowed to stir until dissolved. The 
1.0 g of para toluene sulfonic acid (TSA) was 
added and the mixture was again heated to reflux. 

30 After 4 hours. 95% of the theoretical amount of 
water had been removed and the toluene was 
removed in vacua The product cooled to a white 
wax that was used without purification. This reac- 
tion is general for ethoxylated fatty alcohols. 

35 

Example 2 

Preparation of dinonyl phenoxy poly (oxyethylene)t 
40 ethyl methylene succinate. 

A mixture of 200 g (0.27 mole) of previously 
dried dinonyl phenoxy poly(oxyethylene), ethanol, 
0.5 MEHQ, and 150 g toluene were charged to a 

45 reactor equipped as in Example 1 . The mixture was 
heated to 60 # C and 35 g of methylene succinic 
acid were added and allowed to dissolve, then 1.0 
g of TSA was added. The mixture was heated to 
reflux for 3 hours at which time the reaction was 

so deemed complete based on water removal, the 
toluene was removed in vacuo and the resulting oil 
was used without purification. This reaction is gen- 
eral for ethoxylated alkyl and dialkyl phenols. 

65 

Example 3 
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Preparation of sorbitan nonstearate poly • 
foxyethytene)* ethyl methylene succinate. 

A mixture of 200 g of previously dried poly - 
{oxyethylene), sorbitan monostearate (0.153 mole). 
0.5 g MEHQ and 150 g of toluene were added to a 
reactor equipped as in Example 1. The mixture was 



heated to 70TJ when 15.9 g (0.122 mole) of 
methylene succinic acid and 1.0 g TSA were ad- 
ded. The reaction was completed as described in 
Example 2. The product was used without further 
5 purification after toluene removal. This reaction is 
general for the cl ass of sorbitan esters. 



TABLE I 

Procedure Used 

CPS* Example No. 

1 Hexadecyloxy poly (oxyethylene > 3 

ethanol 1 

2 Heptadecyloxy poly (oxyethylene ) 1 9 

ethanol 1 

3 Dinonylphenoxy poly (oxyethylene )g 

ethanol 2 

4 Dinonylphenoxy poly (oxyethylene ) 39 

ethanol " 2 

5 Poly (oxyethylene)20 sorbitan 

monosterate 3 

* copolymer izable surfactant 



Example 4 

Preparation of a copolymer comprising hep- 
tadecyloxy poly(oxy ethylene) „ ethyl methylene 
succinate, methacrylic acid and ethyl aery late. 

An aqueous monomer mixture was prepared 
by combining 6.14 grams of a 30% solution of 
sodium lauryl sulfate, 23 grams of the monomer of 
Example 1, and 264 grams of water. After the 
monomer of Example 1 was well dispersed, 90.5 
grams of methacrylic acid, 116.0 grams 
etrrylacrytate, and 23 grams di ally I phthalate were 
added and the mixture was vigorously agitated to 
provide a uniform white emulsion. To an all glass 
reaction vessel equipped with a mechanical stirrer, 
heating mantle, thermometer, condenser, and drop- 
ping funnel were -added 219 grams of water and 
6.14 grams of a 30% solution of sodium lauryl 
sulfate. The reaction contents were heated with 
agitation to 85°C and 9.9 grams of a 2.5% ammo- 



nium persutfate solution were added. Addition of 
the monomer pre-emulsion mixture was begun at 
the rate of 2.5 mlVmin. after 10 minutes the mon- 
omer feed rate was increased to 8 mlVmin. and 2,5 
ml. shots of .35% ammonium persutfate were ad- 
ded at 5 minute intervals. After completion of the 
monomer addition, 19.8 grams of .45% ammonium 
persutfate solution were added and the copolymer 
was cooked out for 1.5 hours. The resulting emul- 
sion copolymer was cooled and filtered through a 
40 mesh screen to remove any grit The filtrate had 
a 30% solids content and the pH thereof was 2.9. A 
1.0% solids solution thereof raised to pH 9.0 with 
NaOH, provided a viscosity of 19,000 cps at 25°C - 
(#6 spindle at 10 RPM Brookfteld LVT). 

Using the above-described emulsion polymer- 
ization procedure, seven different copolymer dis- 
persions of the invention were prepared and these 
are identified by "LEC" (liquid emulsion 
copolymer) numbers in Table II, below. Also pre- 
sented In this table are viscosities for aqueous 
systems containing the copolymers. 
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Description of Uses of the Copolymers 
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As noted previously the copolymers of this 
invention are prepared by conventional emulsion 
polymerization methods and the resulting 
copolymer dispersions which contain 5 to 50 per- 
cent, generally 20 to 40 percent of copolymer, are 
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suitable as is for use in various industrial applica- 
tions such as adhesives, coatings, drilling fluids, 
cleaners, walljoint compounds, lotions and other 
persona) care products, highly absorbant applica- 
tions, paints, wall paper adhesives, textile print 
pastes, textile slangs, oil recovery applications, 
and the like. 

Freeze point depressants may be added to the 
latex products of this invention to provide moderate 
cold weather protection during shipping if desired. 
The list of suitable freeze point depressants is long 
and the members thereof are well known to trade. 
Among the generally suitable freeze point depres- 
sants are lower molecular weight alcohols and 
glycols such as methanol, ethanol, isopropanol, bu- 
tanol, ethylene glycol, propylene glycol, butylene 
glycol, diethylene glycol, ethylene glycol mon- 
oethylether, ethylene glycol dimethyl ether, and the 
Uke: 

Alternatively, the product of the invention can 
be dried by a variety of known industrially available 
methods. These include, but are not limited to, tray 
drying, spray drying, drum drying, freeze drying, 
and precipitation and recovery followed by tray or 
flukfized bed drying. Additionally, the copolymer 
products of this invention can be dried onto a 
variety of particulate substrates such as silica, ka- 
olin, lignite, bentonite and other clays, and weigh- 
ting materials normally utilized in various applica- 
tions. The purpose of using such substrates is to 
enable delivery of dry products capable of rapid 
mbdng and dispersion in various applications where 
the support material is compatable with the desired 
composition. In addition, the presence of a solid 
particulate support facilitiates the drying of 
copolymers that form films at relatively low tem- 
peratures, frequently a limiting factor in drying pro- 
cess selection. The use of dried blends of this type 
efiminates ail concern of product freeze damage 



and related costs to provide cold weather protec- 
tion during shipping. In addition, copolymer pro- 
ducts of various properties can be delivered to the 
end user in dry form with acceptable economics. 

5 The copolymer dispersions of the invention 

usually can be combined in aqueous compositions 
designed for partular applications with predictable 
effects due to the fact that the surfactant monomer 
may be carefully chosen and incorporated in the 

to copolymer chain In the desired amount 



Print 



T5 The copolymer dispersions of the invention are 

of interest as print paste thickeners for use in. but 
not limited to, textile printing. For example, aque- 
ous dispersions having a concentration of 1 percent 
polymer solids of several of the foregoing exam- 

so pies were studied in "clear" formulations resulting 
from neutralization with ammonium hydroxide to pH 
9. The "clear" formulations were then typically 
treated wrth up to 10% of an acrylic "low crock" 
print binder, a representative composition of such 

26 type being offered for sale by Alco Chemical Cor- 
poration under the designation PB-1, a 45% solids 
acrylic emulsion polymer (CAS No. 27082-10-6) 
and 5% of a color concentrate of the type sold by 
many companies to textile mills. A typical product 

30 of the general type is offered for sale by Catawba 
Chariabs of North Carolina as Impriment Blue SQG, 
a blue paste for test purposes. 

Viscosity determinations were made on the 
"clear" formulations and print pastes and the re* 

ss suits are set forth in Table 111, below. The "LEC" 
numbers which appear in this and subsequent ta- 
bles are for copolymers of the same number iden- 
tified in Table II above. 



TABLE III 

Brookfield Viscosity (cps § 25°C) 10 RPM 

Clear Dispersion M Solids Print Paste 



19,000 
8,200 
12,900 



24,000 
7,300 
15,000 



Any number of different color concentrates 
may be substituted for the blue concentrate used 
in these examples. Colors are selected to answer 
the need of stylists in the printing industry. The 
degree of crosslinking of the copolymer thickeners 
can be varied for the purpose of altering print paste 



rheotogy. The viscosities set forth in Table 111 can 
be varied by addition of a non ionic surfactant to the 
55 print paste. 
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Adhesive Applications 

General purpose adhestves may be thickened 
with copolymer dispersions of this invention to the 
high viscosity required for rendering the adhesives 
useful for various purposes such as floor tie and 
carpet installation. For example, there Is commer- 
cially available for such purposes an adhesive hav- 



ing the necessary filler loading and containing a 
solvent-based tackrrying resin, to which a styrene 
butadiene latex is added. A small amount of the 
dispersion was added to the adhesive and Brook- 
field viscosities were determined on the adhesive 
before and after addition ofthe latex. The results 
obtained are set forth in Table IV, below: 



LEC 
2 



TABLE IV 

Brookfield Viscosity 6 5 RPM (ops § 25°C)« 
Wet 
Parts 

Used** Adhesive Base After Latex Addition 

0.67 68,000 50,000 

* Determined with a Heliopath TC viscometer. 
«* 30* solids, see Table II 



Oil Well Drilling Fluids 

Typical oil well drilling fluids were prepared 
using standard methods, and the fluids were sub- 
jected to the API Fluid Loss Test and Fann 35 
Viscosimeter test A comparison was made of the 
thickening effects of various thickeners of this in- 
vention utilizing a standard berrtonite composition 
(Aquagel® of N.L Baroid, Inc.) dispersed in mud at 



25 



30 



36 



14 pounds per barrel (PPB). In some of the tests 
fresh water mud was used. In addition, muds con- 
taminated with either sodium chloride at a con- 
centration of 7,500 mg/l (PPM) free chloride or 500 
mgJ\ (PPM) of free calcium ion in the filtrate were 
also tested for thickening effect The muds were 
tested for apparent viscosity at 600 RPM (A.V.), 
plastic viscosity in cps. (P.V.). yield point (Y.P.), 
lbs/100 ft*, gel strength. The results are set forth in 
Tables V, VI and VII, below: 
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TABLE V 
500 ppm Calcium Ion System 

Gel 

Apparent Viscosity (cps)* 

10 sec./ 



LEC ppb 




6 


100 


200 300 


600 


10 min. 


P.V. 


Y.P. 


A.V. 


2 0.07 


10 


10 


15 


17 


19 


23 


11/12 


4 


15 


11.5 


0. 10 


12 


12 


17 


20 


22 


26 


13/13 


4 


18 


13.0 


0. 15 


14 


14 


20 


23 


26 


31 


13/13 


5 


21 


15.5 


0.20 


16 


16 


24 


27 


30 


36 


15/15 


6 


24 


18.0 


Base+ 






















CaCl 2 - 


5 


5 


8 


9 


1 1 


14 


7/9. 


3 


8 


7.0 


Base 


1 


1 


3 


5 


7 


13 


1/4 


6 


1 


6.5 



* Fann 35 Viscometer, reading divided by two. 

TABLE VI 
7,500 ppm Chloride Ion System 

Gel 

Apparent Viscosity (cps)» 

10 sec./ 



LEC ppb 




6 


100 


200 


100 


600 


10 min. 


P.V. 


Y.P. 


A.V. 


2 0.07 


1 1 


11 


16 


20 


23 


31 


14/24 


8 


15 


15.5 


0. 10 


10 


1 1 


16 


20 


.24 


32 


14/22 


8 


16 


16.0 


0. 15 


11 


1 1 


18 


23 


27 


37 


14/22 


10 


17 


18.5 


0.20 


12 


12 


20 


25 


30 


41 


15/19 


11 


19 


20.5 


Base-*- 






















NaCl - 


11 


11 


15 


18 


20 


26 


14/25 


6 


14 


13.0 


Base 


1 


1 


3 


5 


7 


12 


1/1 


5 


2 


6.0 



*Fann 35 Viscometer, reading divided by two. 



Walljoint Compound 

A walljoint compound was prepared in which 
were included various copolymer dispersions of the 
invention. This compound, designed for use in gyp- 
sum board tape Joints for building construction, had 
the formulation set forth in Table VII. 
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Part 



TABLE VII 
Walljoint Compound 



Part A 



Component 
Water 

Dispersant 

LEC thickener of 

the invention 

Clay 

Ethylene glycol 
Def oamer 
Latex 
_B 

Component 
Titanium dioxide 
Mica (325 mesh) 
Filler 



Procedure: 

The components of Part A were blended to- 
gether to provide a smooth mixture using a low 
shear folding type mixer. The components of Part 
B were dry blended and added slowly to Part A, 
and mixing was continued until a smooth blend was 
obtained. Part of the water of Part A was withheld 
and added during the addition of Part B. 



30 



36 



% by Weight 
37.8 
.63 

(See Table II) 
1.25 

.63 

.63 
5.6 

Weight Percent 

31.1 
11.0 
11.0 

The resulting walljoint compounds of this in- 
vention were tested for certain physical properties 
and the results are tabulated in Table VIII. below: 



TABLE VIII 



LEC* 



Brookfield Viscosity (cps Q 25°C) 
2.5 RPM Spindle TE, 

Heliopath Viscometer Non Leveling Slip 



Adhesion 



3 520,000 
Blank 140,000 

»See Table II 



good 
poor 



good 
poor 



good 
poor 
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Paper Coatings 

Paper coatings prepared using copolymers of 
this Invention offer an improvement over coatings 
containing prior thickeners, especially as regards 
efficiency, i.e. the amount of thickneer required to 
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increase the viscosity of the coatings to useful 
levels. In this regard, the overall rheology of coat- 
ings of both the low and high shear type containing 
thickeners of this invention were studied. The fluid 
retention of the coatings was compared using an 5 
*S.D. Warren" tester, and electronic water retention 



(EWR) in seconds was measured. The EWR values 
have a bearing on the overal usefulness of apar- 
ticular thicken rer, regardless of the amount used in 
the coating, and provides evidence of runabiltty of 
the coating. The results of the tests are presented 
in Tables IX and X. 
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(A) about 1 to about 25 percent of at least 
one substituted monomer of the formula 



Claims 



1. A copolymer obtained by aqueous emulsion 
copotymerization of a monomer system comprising 
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(0CH 2 CH2) x (0CHCH 2 )yR 

£h 3 



in which x is an integer from 1 to 150, and y is an 
integer from 0 to 50, where R is alkoxy, alkyl- 10 
phenoxy, dialkylphenoxy, or alkyl carbonytoxy hav- 
ing 5 to 30 carbon atoms, or a sorbitan fatty ester 
of the formula 



-(0CH 2 CH 2 ) p 



Q D ( CH 2 CH 2 0 ) q R t 

CH-0(CH 2 CH 2 0) r R 1 
1hp0(CH p CHp0) cJr ; 



where each of p, q, r and s is an integer and the 
sum of said integers is from 0 to 100, R, is H or - 
COR, and R 2 is alkyl, alkylphenyl, or diaJkylpbenyl 
having 5 to 30 carbon atoms; 

(B) about 5 to about 70 percent of a 
copolymerizable a,0-ethytenlcally unsaturated car- 
boxylic acta monomer of the formula 

RCH= C-COOH 

where R is H and R, is H, an alkyl group containing 
from 1 to 4 carbon atoms, or -CH,COOX; R is - 
COOX and R, is H, and X is H or an alkyl group 
containing from 1 to 4 carbon atoms, 

(C) about 10 to about 90 percent of at least 
one nonionic, copolymerizable a,0-ethylenically un- 
saturated monomer of the formula 

CH 2 =CYZ 

where Y is H and Z is CN, CI. -COOR,, -CKR. - 
0 & - c - NH * or -CH»CH* Y and Z are CI, 
and Y is CH, and Z is CN. - « -NH„ -CH = CH„ - 
CHiR, or -COOR,, and R is H, CI, Br or alkyl 
containing from 1 to 4 carbon atoms; R, is alkyl 
containing from 1 to 12 carbon atoms, or hydrox- 
y alkyl containing from 2 to 8 carbon atoms, and R 3 
is alkyl containing from 1 to 8 carbon atoms; and 

(D) up to 1 percent of a copolymerizable 
polyethylenically unsaturated cross-linking mon- 
omer, said percentages being by weight based on 
the total weight of said monomers. 

2. An emulsion copolymer according to claim 1 
polymerized from a monomer system comprising 
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(A) about 5 to about 15 percent of said 
substituted methylene succinic ester monomer, 

(B) about 30 to about 50 percent of said 
ethylentcally unsaturated monomer in which R is H, 
and R, is H or an alkyl group containing from 1 to 4 
carbon atoms, and 

(C) about 30 to about 70 percent of said a,£- 
ethylenically unsaturated monomer in which Y is H 
and Z is -COOR where R is alkyl containing form 1 
to 4 carbon atoms. 

3. An emulsion copolymer according to claim 2 
in which in said substituted methylene succinic 
acid ester monomer (A), R is a sorbitan monoester 
in which R, is an alkyl group containing from 10 to 
20 carbon atoms and the sum of p, q, r and s is 10 
to 20, Z is CH,=CH-or CH,=C(CH,h A is alkylene 
containing from 2 to 4 carbon atoms, and x and y 
are zero. 

4. An emulsion copolymer according to claim 3 
in which in said substituted methylene succinic 
acid ester monomer (A), R is sorbitan trioleate, and 
the sum of p, q, r and s is zero. 

5. An emulsion copolymer according to claim 1 
polymerized from a monomer system comprising 

(A) about 7 to about 10 percent of said 
substituted methylene succinic acid ester mon- 
omer, 

(B) about 35 to about 45 percent of acrylic 
or meth acrylic acid, 

C) about 50 to about 60 percent of ethyl 
aery late, and 

(D) about 0.5 to about 1 percent of said 
polyethylenically unsaturated cross-linking men- 
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8. An emulsion copolymer according to claim 5 
polymerized from a monomer system comprising: 

(A) a substituted methylene succinic acid 
ester of a compound selected from the group con- 
sisting of hexadecyk)xypoly(oxy ethylene^ ethanol. 
hetadecyloxypoly (oxy ethylene)* ethanol, dinonyk 
phenoxy poly(oxy ethylene), ethanol. dinonyh 
phenoxy poly(oxyethylene)» ethanol, pory- 
(oxy ethylene)*, sorbrtan monostearaie, 

(B) methacrylic acid, 

(C) ethyl acrylate, and 

(D) diallylphthaiate. 

7. An aqueous colloidal dispersion comprising 
from about 5 to about 50 percent, by weight, of an 
emulsion copolymer of any of claims 1 to 6 having 
a pH of from about 2.5 to about 5. 

8. A process for making the aqueous colloidal 
dispersion of claim 7 comprising emulsion poly- 
merizing the monomelic system thereof at a pH of 
from about 2.5 to about 5 in the presence of a free 
radical producing initiator at a temperature of from 
about AO* to about 90 -C. 



9. A process as claimed in claim 8. wherein the 
polymerization is carried out at a temperature of 
from about 75"C to about 85 °C. 

10. A thickened aqueous composition contain- 
5 ing an effective thickening amount of at least a 

partially neutralized emulsion copolymer as 
claimed in any of claims 1 to 6. 

1 1 . A process for making a thickened aqueous 
composition which comprises combining with the 

to aqueous composition an effective thickening 
amount of an emulsion copolymer as claimed in 
any of claims 1 to 6 and at least partially neutraliz- 
ing said copolymer to thus thicken said composi- 
tion. 

to 12. A thickened composition according to claim 
11 comprising a latex paint, a pigment dispersion, 
an oil well drilling fluid, a textile printing paste, an 
adhesive, a liquid detergent, a paper coating com- 
position or a wall joint composition. 
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